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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAQ5, UNIT M2

INTRODUCTION

This guide includes student responses to questions from the June 2019 International A-level Mathematics
(9660) Paper 5, Unit M2.

The questions are presented with the mark schemes, student responses and commentaries from the Lead
Examiner.

ASSESSMENT OBIJECTIVES

The exams will measure how students have achieved the following Assessment Objectives:

e AO1: recall and select knowledge of mathematical facts, concepts, models and techniques required to
solve problems in a variety of contexts.

o AO2: construct rigorous mathematical arguments and proofs through use of precise statements,
mathematical manipulation, logical deduction, modelling assumptions and justifications to solve
structured and unstructured problems, and to deduce, interpret and communicate results.
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAQ5, UNIT M2

KEY TO MARK SCHEME ABBREVIATIONS

oe
A2, 1
-x EE
NMS
Pl
SCA
sf

dp

Mark is for method

Mark is dependent on one or more M marks and is for method
Mark is dependent on M or m marks and is for accuracy

Mark is independent of M or m marks and is for method and accuracy
Mark is for explanation

Follow through from previous incorrect result

Correct answer only

Correct solution only

Anything which falls within

Anything which rounds to

Any correct form

Answer given

Special case

Or equivalent

2 or 1 (or 0) accuracy marks

Deduct x marks for each error

No method shown

Possibly implied

Substantially correct approach

Significant figure(s)

Decimal place(s)
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

EXAMPLE RESPONSES
QUESTION 1

1 A boat moves so that its position, r metres, at time ¢ seconds is given by
r=(Ee™—4)i+(t+sindj

where the unit vectors i and j are directed east and north respectively.

1 (a) Find an expression for the velocity of the boat at time 1.

[3 marks]
1 (b) Hence find the speed of the boat when =5

[2 marks]
1 (c) Find the magnitude of the acceleration of the boat when t =5

[2 marks]
MARK SCHEME

Q Answer Mark Comments
__dr Attempt at differentiating either of the two
@ |» T dt M1 components

A1 Correct i component

v=—2e""i+(1+cost)j
[- )i A1 Correct j component

oe, e.g. column vector

1(b) | v=—2e"""i+(1+cos(5))] M1
FT their answer to (a)
[ =129 [ms™] A1 | AWRT 1.3 m s from below
o FT their answer to part (a) in the form
Me) |a=e""i—smtj M1 1*=ae"""'57i+{b:005r]j where a =0
i CAOD
|a| =0.962 [111 5"] A1 | Condone 0.96 [m 57
but not 0.963 [m s~
Total 7
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

RESPONSE

1 A boat moves so that its posifion, r metres, at time ¢ seconds is given by
r=(4e?¥_4)i+(z+sinD)j
where the unit vectors i and j are directed aast and north respactively.

1 (a) Find an expression for the velocity of the boat at time +.
[3 marks]
o5

V= %E{r 2¢ } 4 (’I +{~5’5‘0‘j

Answer Ll:.f)i_i- G{ ‘{ﬁ{B J

1 (b) Hence find the speed of the boatwhen ¢t =5

E‘fﬁ) [2 marks]
S '_ZgE.- ’ (1 (1 T {@'5)_' . ledins.

G Loas ) e s hefe!

Answer .21 el

1 (c) Find the magnitude of the acceleration of the boat when =5

_o.SE .
O 3 %‘%—‘- <f" }f + (_'grﬂéjj

#)

ST (S = 0962y

[Z2 marks]

Answer o2 a5
COMMENTARY

The student has provided a perfect solution to the questions, showing all intermediate steps, clear
methods and units with their answers, as well as making sure to use the radian mode on their calculator.

MARKS AWARDED: 7
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

STUDENT B
RESPONSE

@ A boat moves so that its position, r metres, at lime ¢ seconds is given by
r=(de®-4)it(rtsinnj

where the unit vectors i and j are directed east and north respectively.

1 {a) Find an Bxpraﬁsiun for the velocity of the boat at time 1.

oLt

[3 marks]
V= .Ri? Lw,;ga &y + (J+oost)]
=Nt

= =20 T3 (Heest) ]

Answer [J/)=—) Q,Fpg?t

1 (b) Hence find the speed of the boat wheni =5

3+ UtCost)

[2 marks]

when =5
-05xG |

s *(H Qas;}z)j
=2€ "y + UHeosth

Speed = " @g;**)‘ * (Itcoky

=) me

=\
Answer ZIms
1 (¢}  Find the magnitude of the @r@n of the boat when = 5

o= L s

= e <len) ey 4 (e- sint) ]
6Py o fleseti]
<3l

LA -h:EZ ﬁ; "1 4 u—gim_mj

[2 marks]

= gkﬁrj. H“'-'[7

Answer {?\? 1l S i
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

COMMENTARY

The student has provided a good solution to part (a), achieving M1 A1 A1. However, they do not use
radians for the calculation in part (b) and so are awarded M1 AQ. In part (c) they do not correctly
differentiate their velocity vector, meaning that they are awarded MO for this part.

MARKS AWARDED: 4

QUESTION 2

2

2 (a)

2 (b)

A footballer practises on horizontal ground by kicking a ball from a point P directly
towards a goal.

The point F is such that

it is a perpendicular distance of 25 metres from the goal line

it is directly in front of the centre of the goal.

The ball leaves the footballer's foot with a speed of 31 m s~' at an angle of 15° to the

horizontal, as shown in the diagram below.
\Cmssbar
Goal line

ax ‘
| == 31 ms-1
)
P 2.4m
t~15°) AN
25 m AN

AN

Show that the time the ball takes to move the horizontal distance of 25 metres is 0.83
seconds, correct to two significant figures.

The ball may be modelled as a particle.

[1 mark]

To score a goal the ball must pass under the crossbar. The crossbar of the goal is
2.4 metres above the ground.

Determine whether or not the footballer scores a goal with this kick.
[4 marks]
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

MARK SCHEME

Q Answer Mark Comments

2(a) | 31 cos(15)=29.9[437 ms™]
Must show working, such as

25 25 35{:~‘E—ﬁ)
95 299 ’J§+.j§"l‘ 31
/

— 31
T cosiny = 0849 s] B1 [ "

b

or
gives the time to at least 3 significant
figures.

2(b) | 31sin(15) or 8.0[234 ms™] M1 Pl or seen in any working

Use of 5 = ur + Year” and a = + 9.8 with
t=0.83 or better

AWRT 3.3 m

5=80234x08349-05%x98 x08349° | m1

A1 The answer must come from considenng
the height of ball at the goal line and not

from a calculation of the maximum height

reached by the ball during its flight.

5=3.28[31m]

Must have scored at least M1 m0

No goal is scored as 3.28 = 2.4 E1F | Must compare their 3.28 (or 3.3) with 2.4
or state ‘0.88.. m over and give correct
conclusion.

Total 5
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

RESPONSE

2 (a) Show that the time the ball takes to move the horizontal distance of 25 maitres is 0.83
seconds, comect to two significant figures.

[1 mark]
xz Hfrm;.m s

3 (osis = —:Mﬁﬁ% =29 9as"

5

* N -T= gf':' _ :
T

) T 1 P

7 S LEOBH, e B, o

2 (b) To score a goal the ball must pass under the crossbar. The crossbar of the goal is
2.4 metres above the ground.

Determine whether or not the footballer scores a goal with this kick.

gyt + iﬂ{q‘ [4 marks]
e b = Aot
t- 0. 92,

Wt UG s ot —4Axeg3 : 5-28n o 43;5&((;«
J gaf-pk: o

H"-LJJMJ‘ Aoce. = ..;En?.ai. g% ...ﬂbﬁfﬂ..ﬁfé’.?ﬂé"}(‘. g
COMMENTARY

This student has provided a correct solution to both part (a) and part (b). In part (a) they show the time to
four significant figures, which satisfies the condition of showing at least one more significant figure than
the value given in the question. In part (b) they calculate correctly the height of the ball at the goal line,
compare this height with that of the crossbar and then give the correct conclusion that, as the ball is 0.88m
above the crossbar, no goal is scored.

MARKS AWARDED: 5
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

RESPONSE

2 (a) Show that the time the ball takes to move the horizontal distance of 26 metres is 0.83
seconds, correct to two significant figures,
[1 mark]

gvb
25 Z3f{es35: 1
¢RI

r

2 {b) To score a goal the ball must pass under the crossbar. The crossbar of the goal is
2.4 metres abave the ground.

Determine whether or not the footballer scores a goal with this kick.
[4 marks]

Voletal

Y = 3.f~ifﬂ[:rj..f.(z&:)’l’da&j. s = i
V2-0) /

—044= 1465
332 6
He fan't (1958 the (VesSbal.

COMMENTARY

This student has not shown sufficient working in part (a) to be awarded the mark, as they do not show an
intermediate step where the time ¢ is the subject of the equation, nor do they give the time to more
significant figures than that shown in the question. In part (b), they find that the height of the ball at the
goal line is 3.3 [metres], but they do not interpret this value in terms of whether or not a goal is scored,
meaning that they are not awarded the E1 mark.

MARKS AWARDED: 3
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

QUESTION 4
4 A system of five particles, along with their masses and coordinates, is shown in Figure 1.
Figure 1
VoA
1.2 kg 2.6 kg
® @
(2, 8) (5, 5)
2.7 kg
o
(3,3)
2.1 kg 1.8 kg
o o
(1,1.5) (5, 1.5)
>
) X

4 (a) Find the coordinates of the centre of mass of the system of particles.
[4 marks]
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

4 (b) The rectangular board ABCD is made by joining together the two uniform rectangular
boards ABEF and ECDF with dimensions as shown in Figure 2.

Figure 2
B E C
L = 6.5 metres
A F D

3.8 metres 3.8 metres

-~ e

W

The point P is the midpoint of the line EF.
The board ABEF has mass 1.5m Kilograms.
The board ECDF has mass m kilograms.

The board ABCD is freely suspended from the point B and is in equilibrium.

Find, to the nearest degree, the angle between BF and the vertical.
[7 marks]
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

MARK SCHEME
Q Answer Mark Comments
4(a) ?_{2.131]+(1_zx 2)+(2.7=3)+(1.8x5)+(2.6x53) M1 M1 for at least 3 multiplications and
T 10.4 additions
f={5_f A1 |oe. AWRT 33
7o (21%1.3)4(12x3)+(2.7%3)+(1.8x1.5)+(2.6x3) M1 M1 for at least 3 multiplications and
N 10.4 additions
F-2 A1 |oe AWRT 32
ab) | _1om "Ii;mﬂ M1 | Pl allow one slip
= 171 oe
X=E Al (may be seen on diagram)
F-1 B1 |0
4 (may be seen on diagram)
~ _ o or
tan™'(3.25/3.8) = 40 5[39. ] B1 tan~'(3.8/3.25) = 49.4[608._ I°
1 _ o or
tan™ (3.25/3.42) =43 .5[40.. ] B1 tan™(3.42/3.25) = 46 4[599. . |°
Pl by correct final answer
43.9[40...]-40.5[39..] M1 | oe. such as 49 4[608._] — 46.4[599__]
=3° A1 | CAD
Total 11
ALT
4(b) .?=1'5’”’*13'i;’” <37 M1 | PI, allow one slip
= _171 oe
*= 30 Al (may be seen on diagram)
F_13 B1 oe
4 (may be seen on diagram)
[Length BPF =] 5.00025 [m] B1
[Length B to COM =] 4.71793 [m] B1
2 2 2
0S8 = 0-00025" +4.71793" — 0.38 m1 | Pl by correct final answer
2 x 500025 x 471783
[6]=3° A1 | CAO

Copyright © 2019 Oxford International AQA Examinations and its licensors. All rights reserved.
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

STUDENT A
RESPONSE

4 (a) Find the WWCEWE of mass of the system of particles.
[4 marks]

12 Y2 4+ 2.6xS T2 Fx3 4 BXS4+2.|%] =
(12t 26+ 2F+ [8+ 2.1) %

¥ A3

e G & T

%I%Qhﬂf'- : E o ran
(295 + 2bX& +2 Fx3F [-(8X1T+ 2 |5y =

b5 o N2 ¥
Zd 5

20 6 -6 e -?
Answer (3.5% ?3[-'1‘>
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

4 (b) The rectangular board ABCD is made by joining tegether the two uniform rectangular
hoards ABEF and ECDF with dimensions as shown in Figure 2.

Figure 2

B E c

6.5 metres
A - 3.8 metres _F 5.@ melres 1D
The point Pis the midpoint of the line EF. \
The board ABEF has mass 1.5m kilograms.
—
The board ECOF has mass m Kilograms.
The board ABCD is freely suspended from the point B and is in equilibrium.
A=

Find, to the nearest degree, the angle between BF and the vertical.

e [7 marks]

e ol el ey o e
1"51}1 l-sm + I M = (L'E“".+m 'f
25w f 5 Fm :ﬂ Z-5w X
St W = X IM +m
2.25 K |'sm T 323AMN = (W;{)T

3%

=7
Ll

e
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

COMMENTARY

This student’s answer is awarded all of the marks available for parts (a) and (b). In part (a), they show
their full method and give answers as fractions, before giving rounded decimals as their final answer. In
part (b) they make full use of the diagram given in the question to make annotations and to establish what
angle question is asking for. They then proceed via the main method shown in the mark scheme to arrive
at the correct answer.

MARKS AWARDED: 11
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

STUDENT B
RESPONSE
4 |(a) Find the coordinates of the centre of mass of the system cf particles. {4 marke)
M ) 1. 6 g7 R 8] 104
A £ B 5 \ 5 }
e 24 2 2.1 20 ﬂ%j’;q,e
| ¥ 2% =3ss
A L2 1.6 T .¥ ] 1o b
y 5 S 1 |. € l.S ;
ooy G 1% gy 28 WY 31;'5?“ -
g = T:T-] -%.1 7

Answer (2’ 5% 3 '5 '!_F\
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

4 (b)  The rectangular board ABCD is made by joining together the two uniform rectangular
boards ABEF and ECDF with dimensions as shown in Figure 2.

Figure 2
C
5.5 metres
R 3.8 metres e 3.8 metres D
The point P is the midpoint of the line EF.
The board AEEF has mass 1.5m kilograms.
The board ECDF has mass m kilograms.
The board ABCD is freely suspended from the point B and is in equilibrium.
Find, to the nearest degree, the angle between B8P and the vertical,
[T marks]
: = ERA
<
pal 1.8Se— S. o~ $.S5m i
y < - (erde_of Masg {’5-‘”, £%J )

e e ——— .n.-..pg.{-{t -
ton @ = 7S

O qbyb - 4o
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

COMMENTARY

This student’s answer is awarded all of the marks available for part (a), but only 4 marks for part (b). In
part (b) the student is awarded M1 A1 B1 BO B1 m0O AO, as they correctly find the coordinates for the
centre of mass of the composite rectangular board, as well as finding one of the two correct angles
needed to reach the solution.

MARKS AWARDED: 8

QUESTION 5

5

5 (a)

5 (b) (i)

5 (b) (ii)

5 (c)

A child of mass 35 kg starts from rest at the top of a slide.

The slide is inclined at 25° to the horizontal.

The coefficient of dynamic friction between the child and the slide is 0.2
The child may be modelled as a pariicle.

Draw a diagram to show all the forces acting on the child, wnting down the names of the

forces on your diagram.
[1 mark]

Find the acceleration of the child down the slide.
[5 marks]

Calculate the work done against friction when the child has moved through a vertical
height of 2.2 metres.
[2 marks]

State how your answer to part (b) (i) would be different if the child was not modelled as a
particle.

Explain your answer.
[2 marks]
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

MARK SCHEME
Q Answer Mark Comments
5(a) Reaction
Friction Must have names on the three arrows,
not symbols unless the symbols are
_ B1 defined.
e
- Do not accept ‘gravity’ in place of weight.
Weight
5(b)(i) | [Component of weight down the slope
= 35 % 9.8 sin(25%)] B1 oe, AWRT 145N
= 144 9[58 N]
[Normal reaction force on child
— 35 x 9.8 cos(25°)] mi | o5 AWRTITTR
= 310.8[64 N]
[Friction on child
=0.2 x 310.863._] A1 oe
=62.1[73 N]
Resultant force down the slope
=144 958 - 62173 M1 FT their force up and down the slope
=82.7[85 N]
Resultant force = ma CAO, ISW
A1
a==82785/35 2 2
=237 ms7] Allow24 ms~butnot236ms
5(b)(ii) | [Distance covered down the slope
=22 /5sin(25] Mt | AVRT 22 metres
=5.2[06 m]
FT their friction force from (b){i) with the
[W=Fd correct distance
=62.173 x 5.206] A1F '
324 [J] Condone negative answers
No ISW
5(c) | [Acceleration would be] less E1 Mot “different’
|Greater] air resistance would reduce the Not just ‘ar resistance
resultant force [acting on the child due to : -
- : E1 Allow any plausible explanation related
212 E::]h"d now having a larger surface to the resultant force reducing or more
work done against resistive forces.
Total 10

Copyright © 2019 Oxford International AQA Examinations and its licensors. All rights reserved.

20



INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

STUDENT A
RESPONSE

5 (a) Draw a diagram to show all the forces acling on the child, writing down the names of the

forces on your diagram.

w vl tancbien Jace

5 (b} (i) Find the acceleration of the child down the slide.

_Cﬂ.nfm#nL_ﬂd!V£tUh+ v .ffc..ﬁgft; _____________ i

L mGa® = Bwaesia 10 A (¥l

[5 marks]

_ Frictini

Ful s #iyles ) o - ,.,..ﬂrm&'}
0.7 5M.8K (25 = [2.20]

__Ecﬁ{g.)!’ -jm'fﬂ:

s/ — (2.0 = 3281

; Fﬂ-'w 77 ..r"l' RN
= L_;J#rj
6 kq

ol

 fema
_E -5
™

Answer Q-%—?m 5—'2

Copyright © 2019 Oxford International AQA Examinations and its licensors. All rights reserved.



INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

5 (b} (i) Calculate the work done against friction when the child has moved through a vertical

height of 2.2 metres.
[2 marks]

U#fb_ugmg_ s Fﬁfcp X GL"C__J.!.'ML-'L

s‘.zf_x_ﬂ, cz2/ < 3 24T

Answer 74T S

5 (c) State how your answer to part (b) (i) would be different if the child was not mcdelled as a
particle.

Explain your answer.
[2 marks]

y 'TL,_JLE'_LL;__:I‘L tle aqu &frug ébw ls ﬂﬁdmﬂﬁ. i
_MMM g —

COMMENTARY

This student’s response to part (a) includes a good diagram of the situation as well as correct names for
each of the three forces acting on the child; in particular, the student writes ‘weight’ rather than the popular
misconception ‘gravity’ for the gravitational force acting on the child. The student goes on to be awarded
the full 7 marks across (b)(i) and (b)(ii). The response in part (c) gains one mark for the correct statement
that the acceleration being lower, but the explanation is not complete enough for both marks.

MARKS AWARDED: 9
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

STUDENT B
RESPONSE

5 (a) Draw a diagram to show all the forces acting on the child, writing down the names of the
forces en your diagram.
[1 mark]

5 (b) (i) Find the acceleration of the child down the slide,

F=a __
23598 (05502
- §2-2N
F:MM
(wgsinzs -1) = m o,
(354855 =622 ) =35 A
it

[5 marks]

Copyright © 2019 Oxford International AQA Examinations and its licensors. All rights reserved. 23



INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

5 {(b) {ii) Calculate the work done againzt friction when the child has moved through a vertical
height of 2.2 metres.
[2 marks]

w=E4
= L2328 9
— 291 .57 =

Answer 4,1:7#‘@1 J T /s87

5 (e) State how your answer to part (b) {i) would be different If the child was not modelled as a
particle.

Explain your answer.
[2 marks]

‘ol hlte

COMMENTARY

In this student’s answer to part (a), undefined labels are used whereas the question asked for names of
the forces to be written down, and so the mark for part (a) is not awarded. The student is close to
achieving all 5 marks in part (b)(i), but they round prematurely which results in an incorrect final answer.
Therefore, the student is awarded 4 of the 5 marks, missing out on the final A1 mark. In part (b)(ii) the
student uses an incorrect value in their calculations and so arrives at an incorrect final answer. The
response in part (c) is not enough to be awarded either of the 2 marks available.

MARKS AWARDED: 4
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)

EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

QUESTION 8

8

A golf ball is hit from a point on horizontal ground with a speed u at a fixed angle & to the

ground.

Assuming air resistance is negligible, prove that the horizontal distance the golf ball
travels before hitting the ground for the first time is proportional to

[5 marks]
MARK SCHEME
Q Answer Mark Comments
: L May be seen as part of a correct formula
8 [vertical comp. of velocity =] « siné B1 for ‘vertical distance’ involving ¢
[v=u-~+at
Atmax. height v = 0] M1 Allow one slip
u sing
t=
g
[Time of flight =] 2 x =2 A1 | oe, for instance “=2°
[horizontal comp. of velocity =] « cosé B1 May be seen as part of a correct formula
P- ty =] u for ‘horizontal distance’ involving ¢
[Range =2 x = 5:.19 ® u Cos6 =] ISW, but must get to a correct formula
A1 involving »*
2u2sing cosg Allow 9.8 in place of g
- Mo errors seen
g
Total 5
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INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

RESPONSE
8 A golf ball is hit from a point on horizontal ground with a speed « at a fixed angle # to the
ground.

Assuming air resistance is negligible, prove that the hl:!!lzon}gi dustan-:e the golf ball
travels before hitting the ground for the first time is proportional to #*

Ao [5 marks]
,%f 4= H;k_q,afz
| 6= WU ‘Bi!\,ﬁ i 'LK". £ -t

4.9 t* = u gtl¢
L t = A 'f‘n@_ C
4.9 L
Y =V Lﬂ":('} ﬁ’ _

T = Wocnsf0 ( u;ﬁn@ o

LIL cn&@ % ﬂ@‘
4

!

COMMENTARY

In this response the student is awarded the full 5 marks. They set the vertical displacement to 0, which is
only true at the start and end of this motion, and then find the time at which the golf ball first hits the
ground after being hit. This time of flight is then used with the horizontal component of velocity to arrive
correctly at an expression for the range in terms of u2, which was the required result.

MARKS AWARDED: 5
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RESPONSE
B A golf ball is hit from a peint on horizontal ground with a speed « at a fixed angle £ to the
ground.
Assuming air resistance is negligible, prove that the horizontal distance the golf ball
travels before hitting the ground for the first time is proporional o
o [5 marks]
L z
_y= 7L_4_"&r1}___:_%_(_u'&1v-\.;_..___ =0
L

Oz usrBt ~ 4.9 °

S TR G Gt %> usink -
£ = u':tnﬁ
o - . &5

W= wlean O

A=V{roy ©

COMMENTARY

This student’s response is awarded B1 M1 A1 MO AO. The student uses correctly the vertical component
of the initial velocity to formulate a correct equation to find the time of flight of the golf ball. They then
proceed to find the correct expression for the time of flight. They do not, however, write down the
horizontal component of velocity and so they are not awarded the final 2 marks.

MARKS AWARDED: 3
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QUESTION 9
9 A particle of mass 0.35 kg is attached to one end of a light inextensible string.

The other end of the string is attached to a fixed point.

The particle is set into circular motion so that the string remains taut and makes a fixed
angle & to the vertical, as shown in the diagram.

Fixed point

9 (a) Find, in terms of 8, the magnitude of the resultant force which acts on the particle.

[2 marks]
9 (b) Explain why the kinetic energy of the particle does not change even though there is a
resultant force acting on the particle.
[2 marks]

9 (c) The radius of the horizontal circle followed by the particle is 0.62 metres, and the time for
one revolution of the circle is 0.48 seconds.

Determine the angle 6.
[6 marks]
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MARK SCHEME

Q Answer Mark Comments

9(a) | Vertical component of tension,
T cosf=035g

Horizontal component of tension,
Tsind=F
and eliminates T

M1 oe, for instance T cos® = 3.43

oe, forinstance F= 343 tanf

F=0.35¢g tand A1 Condone answer left in terms of m, 1.e.
F=mg tand
9(b)
[The centripetal (or resultant)] force [on
the particle acts] perpendicular [to the] E1 Condone ‘speed’
velocity [of the particle]
[The centripetal (or resultant) force does]
no work [on the particle, so does not E1
change the kinetic energy]

9(c) | Speed of particle Angular speed of particle
[v=]12x=nx062/048 M1 [w=]12x=/048
[v=]1811[578 ms"] oe A1l [0=]113.0[899...rads™"] oe
0.35¢ tand = 0.35/"/r oe
or accept 3.43 or mg for 0.35¢g
0.35¢ tand = 0.350°r B1
or

[Resultant force =] 37.18__. [N]

tand=v"/gr or tanf=cw’r/g M1 | Sight or attempt of isolating for tané

tang==8115782/(98 x 0.62) oe

Only FT their speed, no other slips

or m1 Pl by comrect answer

tanf=13.0899..° x 0.62/98 oe

CAO, AWRT 85[7

84.71 A1l oe, for instance 1.48 [rad]

Total 10
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STUDENT A
RESPONSE

9 (a) Find, in terms of 4, the magnitude of the resultant forca which acts on the particle.
[2 marks]

j\ﬂ-’lq ™, ?ﬂ'lg.]
\pe/ NJ@ me Teost) ok T
Redlde o s Qbbb Ee, 3

TSal) = les, Hmi"fl’fﬁf

22 ohe _Ec_ryﬁwl’_{:rm Ma'kzn@ = fcm,rlwl'm

0N L bpy = SAETandD
Answer 3.43 Tanf)

9 (b) Explain why the kinetic energy of the particle does not change even though there is a

resultant force acting on the particle
[2 marks]

lfs_l@_?uMM iy W&(@v T Jfﬂ:h.n
m_ua-t Me %{_AL&_J‘;__LIZ_‘&L_M

on 1L, Fh&_-ﬁk,m; . M ;
ﬁF:.ﬁE{_mm&_cm&;zaﬂ ovs bl

9 (c) The radius of the horizontal circle followed by the particle is 0.62 metres, and the time for
one revolution of the circle is 0.48 seconds.

Determine the angle &,
s [6 marks]
L B zT
_E = MLJEQ . L= _%"E_ = g C / -fﬁc.,,f-;"“r
ossxlz) Xo. 62 = 3ZIFW A 3v.24s

m{f}ﬁn@ : 374 W = 3.3,
'EEL__T,WQ_;_;&E
343 T

€)= 347"

Copyright © 2019 Oxford International AQA Examinations and its licensors. All rights reserved. 30



INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

COMMENTARY

This student’s response is awarded all of the marks in each of the three parts of the question. In particular,
the student gives a very good full explanation in part (b) and provides a very clear method for determining
the angle in part (c).

MARKS AWARDED: 10

RESPONSE

9 (a)  Find, in terms of 4, the magnitiide of the resultant force which acts on the particle.
o T e ; [2 marks]

I -
Pz o258 0334130 XHonY)

= LWhtewm9.

e et B .- L ST S Sl

Answear T[: = 1;‘*‘*-'-'}9'1— o \7

9 (b) Explain why the kinetic energy of the particle does not change even though there is a
resultant force acting on the particle.

[2 marks]

becouse me g (0 is wot chouge,

e

Copyright © 2019 Oxford International AQA Examinations and its licensors. All rights reserved. 31



INTERNATIONAL A-LEVEL MATHEMATICS (9660)
EXAMPLE RESPONSES WITH COMMENTARY: MAOS, UNIT M2

9 {c) The@;ﬁf the horizontal circle followed by the particle is{0.62 metres| and the time for

one ution of the circle is 0.48 seconds.

d =ol%s
Determine the angle A 21 o W

[6 marks]
L yad =g ll8 s
Lo = LE;— A yods™"
A S F: m L~ k2
_____ Lubtong = 0-40 x ﬁ%@ X kR
LW 1oRR = BESE 2\ LY
ANB = it ] 2 T8 9}
gt 3217

Answer ..,# 68 \ﬂ )

COMMENTARY

This student’s response is awarded both marks available in part (a), as they arrive at the correct final
answer. The response given in part (b) does not explain why the kinetic energy remains unchanged even
though a resultant force acts on the particle, and so it is not awarded any marks. In part (c) the student is
awarded M1 A1 BO MO MO, A1 as they find correctly the angular velocity of the particle, but they do not
receive the B1 mark as they do not write down a correct equation for the resultant force. The M1 is not
awarded at they end up with an equation for tan6.

MARKS AWARDED: 4
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QUESTION 10

10 A uniform rod, AB, of mass M is in equilibrium, with one end in contact with a rough
vertical wall. The other end is on rough horizontal ground.

The coefficient of friction between the wall and the rod is 4 and the coefficient of friction
between the ground and the rod is also u.

The rod makes an angle a with the wall, as shown in the diagram.

Rough
vertical
wall

Rough horizontal ground

Given that the rod is on the point of slipping, find fan a in terms of ..
[8 marks]
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MARK SCHEME
Q Answer Mark Comments
10 Taking moments about A or B M1 Any attempt

L = length of rod

[Moments about 5]

Al R = normal reaction on rod from wall

LMg sina = 2LR; cosa + 2L uR; Sina

Condone cancelled L
2R,

tana = m Al

Forces in equilibrium R, = normal reaction on rod from ground

Horizontal: 4R, = R, B1 Accept ;" and 72" in place of uR; and
1R respectively.

Forces in equilibrium B1

Vertical: Mg =R, + uR,

uMg =Ry + [CR,

_ uMg m1 Attempt at eliminating R
o2
2uMg
tana = 1+ m1 Substituting into correct relation for tana
Mg —2u % pMg
14+ uw?
2
tana = — A1l |cro
1—p?
Total 8
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STUDENT A
RESPONSE

10 A uniform rod, AB, of mass M is in equilibrium, with one end in contact with a rough R

vertical wall. The other end is on rmm@w
e S —_—

The coefficient of friction between the wall and the rod is 4 and the coefficient of friction
between the ground and the rod is also .

The rod makes an angle & with the wall, as shown in the diagram.

e T Ve
A 6 -_ PTL

Rough
vertical
wall

|
Rough horizontal ground

Given that the rad is on the ‘nt of slippi find tan & in terms of 1.
ml ‘—"_E._,— l“

Tkt moment vox My K K
M.::a singer [+ & cosd + o[ = R gind2[

[8 marks]

vl Mo = R+ PR

Qélﬂhl?“) Sipch Lt lth[‘x cosd - 21 = Reypgll

of

(Rt W) one + 1R cosh =W sinck
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2MReosd = gR sino ~ (Rt MR sing

—_;r;’__r_n_& es® = STHa (E_R - R 'F*EFD

2MER = fan ok
—_—t
,Il-*;tt"il ez

2p = tdn) -

[-p*

|- M2

il

Answer —I‘&Hc(\

COMMENTARY

In this response the student provides a very clear method, stating where they are taking moments about

and in which directions they are applying equilibrium of forces. Once they have the three relationships set

up, they then proceed to eliminate variables to arrive at the correct final result. They are subsequently

awarded all 8 marks for this question.

MARKS AWARDED: 8
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STUDENT B
RESPONSE

10 A uniform rod, AB, of mass M is in equilibrium, with one end in contact with a rough
vertical wal. The other end is on rough horizontal ground.

The coefficient of friction between the wall and the rod is ¢ and the coefficient of friction
between the ground and the rod is also .

The rod makes an angle a with the wall, as shown in the diagram.

Ty

Rough
vertical
wall

£ i
Rough horizontal gro{h:l [

Given that the rod is on the point of slipping. find tan a in terms of 4.

w[‘ S tly = my | hepam
ly =R L h=RM

[ 92l = osaRer]
i m9sl = Sind Ry
g iL= ISR #ﬂjfi[ tand =m 9iM

myil = sina L M

:mj;’ = (05af)
my3 U = $ SNk
R LY

[8 marks]

(0% ~  $ind
g3 SRR — YS9 Sl
answer  Jertd =4
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COMMENTARY

In this response the student is awarded 2 marks (B1 and B1) for correct use of vertical and horizontal
equilibrium of forces. They are not awarded the initial M1 mark is not awarded as an attempt at moments
should include three terms when taken about A or B. As this is not awarded, the later m1 dependent
method marks are then unavailable to be awarded.

MARKS AWARDED: 2
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